Global energy imbalances and related obesity levels are rapidly increasing. The world is rapidly shifting from a dietary period in which the higher-income countries are dominated by patterns of degenerative diseases (whereas the lower-and middle-income countries are dominated by receding famine) to one in which the world is increasingly being dominated by degenerative diseases. This article documents the high levels of overweight and obesity found across higher-and lower-income countries and the global shift of this burden toward the poor and toward urban and rural populations. Dietary changes appear to be shifting universally toward a diet dominated by higher intakes of animal and partially hydrogenated fats and lower intakes of fiber. Activity patterns at work, at leisure, during travel, and in the home are equally shifting rapidly toward reduced energy expenditure. Large-scale decreases in food prices (eg, beef prices) have increased access to supermarkets, and the urbanization of both urban and rural areas is a key underlying factor. Limited documentation of the extent of the increased effects of the fast food and bottled soft drink industries on this nutrition shift is available, but some examples of the heterogeneity of the underlying changes are presented. The challenge to global health is clear. 2006;84:289 -98. 
WHAT IS THE NUTRITION TRANSITION?
Humankind has faced major shifts in dietary and physical activity patterns and body composition since Paleolithic man emerged on Earth. Human diet and nutritional status have undergone a sequence of major shifts among characteristic statesdefined as broad patterns of food use and corresponding nutrition-related disease. Over the past 3 centuries, the pace of dietary change appears to have accelerated to varying degrees in different regions of the world. The concept of the nutrition transition focuses on large shifts in diet and activity patterns, especially their structure and overall composition. These changes are reflected in nutritional outcomes, such as changes in average stature and body composition. Furthermore, dietary and activity pattern changes are paralleled by major changes in health status and by major demographic and socioeconomic changes.
One needs to be concerned with food supply, which relates to agricultural systems and agricultural technology, as well as with the factors that affect the demand for and use of food. The latter include economic resources, demographic patterns, and various cultural and knowledge factors associated with food choice, disease patterns, and sociologic considerations (eg, the role of women and family structure). Similarly, equally important changes affect how we move, work at home and in the marketplace, and change our leisure activity patterns.
This shift toward increased obesity and noncommunicable diseases (NCDs) is only the latest pattern of this transition. The 5 patterns of the nutrition transition are presented in Table 1 (1). The first pattern, which is linked with hunter-gather societies and is often called the Paleolithic pattern (but covers a longer period), was one in which the diet was very healthy, but infectious diseases and other natural causes resulted in a very short life span. The second pattern, when modern agriculture and a period of famine emerged, was one in which nutritional status worsened. Most attention is focused on nutrition shifts in the last 3 patterns, which are generally the ones represented by most of the global population today (Figure 1) . In pattern 3, famine begins to recede as income rises. In pattern 4, changes in diet and activity patterns lead to the emergence of new diseases and increases disability. In pattern 5, behavioral change begins to reverse the negative tendencies of the preceding patterns and enable a process of successful aging (3, 4) . A range of factors (including urbanization, economic growth, technical change, and culture) drives all the changes. For convenience, the patterns can be thought of as historical developments; however, earlier patterns are not restricted to the periods in which they first arose but continue to characterize certain geographic and socioeconomic subpopulations.
WHY THE CONCERN?
The shift from the receding famine pattern (pattern 3) to one dominated by nutrition-related NCDs has been very rapid in most low-and middle-income economies; moreover, there is evidence of a speeding up of this transition in higher-income, more economically developed economies (5) . Weight and height data are the nationally representative noncommunicable and nutritional measures most available in both high-and low-income countries. These data provide some sense of the rate of change in obesity and of the rapidly changing faces of global obesity.
Obesity prevalence and trends
Nationally representative data are presented for a large number of countries in Figure 2A . Only data for Africans (blacks) are presented for South Africa; data from only 9 provinces are presented for China, but these data mirror closely national levels and trends. Essentially, overweight and obesity levels are consistently high in an array of high-income countries (but the levels are much lower in other European countries), and several lowerincome countries (eg, Mexico, Egypt, and South Africa) have equally high levels of obesity among women. Other very large countries (eg, China) have obesity rates of 20% for women and men.
What is potentially far more important are the rates of change in the prevalence of overweight and obesity in these countries, as shown in Figure 2B . A large number of lower-and middleincome countries (eg, Mexico, Thailand, China, and Indonesia) are experiencing an annual increase (in percentage points) in overweight and obesity 1. Only in the United Kingdom and Australia are such rates seen in higher-income countries.
Are these rates of change accelerating?
We explored the relative rates of change across the world for adults and children in a new study and have long-term comparable data for Brazil and the United States (5). Earlier changes in these 2 countries refer mostly to the mid-1970s, the 1980s, recent changes to the 1990s, and to the early 2000s. In Brazil, time trends indicate a deceleration in the combined overweight and obesity levels for adults; however, the increase in the combined overweight and obesity levels shows an acceleration for US adults. Studies in China show patterns similar to those in Brazil. The rate of change in the prevalence of overweight in China accelerated from 0.5% in 1980 -1990 to 1.9% and 0.9% in 1997-2000 for men and women, respectively (6); preliminary data for 2004 indicate that these changes are still accelerating. In the dietary area, we have documented longitudinally that income elasticity, or the proportion of food purchases with a 1% increase in income, has accelerated at an increasing rate in the past 15 y (7, 8) .
Obesity is universally found in urban and rural areas
In an article published in this Journal, we provided nationally representative data for women aged 20 -49 y (n ҃ 148 579) from 1992 to 2000 in 36 countries (9) . The article presents data on both underweight and overweight plus obesity status in low-income and transitional countries. The summary shown in Figure 3 provides a clear picture of these differential patterns; overweight plus obesity exceeded underweight in most countries. Countries with high income and urbanization levels not only had high absolute levels of overweight plus obesity, but they also had small urban-rural differences in overweight and very high ratios of overweight plus obesity to underweight. In more-developed countries, overweight among women with a low socioeconomic status was high in both rural (38%) and urban (51%) settings. Even many poor countries-where underweight persists as a significant problem-had fairly high levels of overweight in rural area (9) .
Adult obesity appears to precede child obesity
We recently explored this question using nationally representative data from 6 countries and nationwide representative data from a seventh country-all measured at least twice during the 1985-2004 period (5) . This study used the single body mass index (kg/m 2 ) cutoff of 25 (overweight plus obesity), whereas the International Obesity Task Force sex-and age-specific body mass index cutoffs for children are equivalent to 25 at 18 y of age. It is not possible to compare prevalences between the standards used for children and adults; however, this analysis focuses on rates of change in these prevalences that can be compared.
Absolute rates of increase in overweight plus obesity tended to be higher among adults than among children in most countriesmuch higher in the 2 low-income countries (ie, China and Indonesia) and moderately higher in Brazil and in 2 of the 3 highincome countries (ie, the United Kingdom and the United States). The only country where overweight plus obesity increased more among children than adults was Australia. However, relative rates of increase in overweight indicate faster increases in overweight among children in Brazil and in the 3 high-income countries. As a result, the relative excess of overweight among adults, seen initially in all countries, increased in China, Indonesia, and Russia but decreased in Australia, Brazil, the United Kingdom, and the United States.
Although patterns indicate that there will be an increasing global obesity problem among children to match the adult problem, other equally disturbing data on adult-onset diabetes are emerging, not only from the United States but also globally. In the United States, many scholars are pointing to a large and important increase in adult-onset diabetes among adolescents-a phenomenon previously unseen (10 -13) . In the developing world, the mean and median ages for adult-onset diabetes have been lower than in the United States, which possibly points to similar global problems in the future (14, 15) . 
WHAT ARE THE KEY DIETARY DIMENSIONS?
Globally, our diet is becoming increasingly energy-dense and sweeter. At the same time, higher-fiber foods are being replaced by processed versions. There is enormous variability in eating patterns globally, but the broad themes seem to be retained in most countries.
Eating pattern shifts, in particular, seem to be specific to different regions and sets of countries (16) . In the higher-income countries, increased portion sizes, away-from-home food intake, and snacking are eating pattern shifts that accompany these changes (17) (18) (19) (20) . Water and milk appear to be replaced by calorically sweetened beverages (18, 21) . Dozens of studies document these shifts in the United States, but few studies document these same shifts in other higher-income countries, where concern for these shifts is greatest (22) . Much less documentation exists for lower-income countries, and there seems to be more heterogeneity in terms of the shifts to away-from-home food intake (16) . For instance, away-from-home food intake and snacking are as high in the Philippines as in the United States but is rare in Russia and China.
The global shifts in the energy density of the diet are equally difficult to document. One can document large increases in the consumption of edible oils and animal-source foods for selected countries (7, 23) with the help of well-collected, repeated 24-h recall measures of dietary intake. However, in general, most research has focused on the use of food disappearance data from the Food and Agricultural Organization. With these data, which are not as accurate in picking up smaller shifts in consumption and wastage (24) , it is possible to see that the shifts in edible oil intake are universal. In one set of analyses that compared edible oil intake patterns in the 1960s with those in the 1990s based on food disappearance data, large increases in edible oil available for intake were shown particularly for lower income countries (8, 25) . The crude picture of the increased intake of vegetable fats (edible oils) is being seen globally, as shown in Figure 4 . However, average daily intakes in a country such as China, where we measured intakes with recall and direct measures of household consumption, were much higher. For example, individual adults in China with 30% of energy intake from fat increased from Ȃ15% to 44% between 1989 and 2000.
Animal-source food changes are equally dramatic, particularly in selected countries (26) . In China, we documented very large increases in animal-source food intake (23, 27) . Egg, poultry, beef, and pork consumption have increased rapidly in China, and milk intake has recently begun to rise. Today, the average Chinese adult consumes 1300 kcal/d of pork, poultry, beef, mutton, fish, eggs, and dairy foods. As we showed elsewhere, the structure of consumption shifts in China is such that for each additional increase in income, adults proportionally increase their intake of animal-source foods (7, 8, 27) .
Concurrent shifts are occurring in the use of caloric sweeteners. Only a few countries have published studies of the trends concerning the specific foods in which caloric sweeteners are found; the United States and South Africa are 2 of these countries (18, 28 -31) . In the United States, calorically sweetened beverages (eg, soft drinks and fruit drinks) account for 50% of the increase in added caloric sweeteners in the past several decades; the foods responsible for caloric sweetener intake in South Africa are much more varied than in the United States (18, 28 -31) .
Elsewhere, we used food disappearance data to document the worldwide increase in caloric sweeteners to the diet. We showed that, as national income [gross national product (GNP)] per capita and the proportion of the population residing in urban areas increased, sugar intake also increased (28) . This relation is shown in Figure 5 , with countries grouped by GNP in 1962. The changes are larger for lower-and middle-income countries. Urbanization and national income per capita are correlated highly in the developing countries that have access to processed foods higher in sugar. Urbanization is also linked with greater access to modern mass media, to better transportation systems, and to larger, modern supermarkets dominated by multinational corporations (32, 33) . Although increases in per capita income have occurred, in most cases, hand-in-hand with urbanization, per capita income plays a powerful separate role in food consumption decisions, particularly in relation to the consumption of more processed foods.
The studies on fiber intake and other changes toward processed foodstuffs are much more incomplete. Because the issue of reduced fiber intake in the Western diet was first discussed as a major health concern, there have been few systematic studies of shifts in fiber intake throughout the world. However, important historical case studies have documented these shifts for selected population groups and countries (34, 35) . Specific shifts in diet from coarse grains to refined grains in a few countries have also been documented (36) .
Similarly, studies of fruit and vegetable intakes indicate decreased intakes in many countries and regions of the world, but, again, this trend has not been systematically studied (21, 25, 37) . Fruit and vegetable intakes remain very high in selected countries, eg, Spain, Greece, and South Korea (38 -40) .
WHAT ARE THE KEY PHYSICAL ACTIVITY SHIFTS?
National or large-scale monitoring of overall physical activity patterns did not exist before the late 1990s, except in a few rare exceptions (41) (42) (43) . In general, research on physical activity and its changes in the world has focused mainly on the role of leisure activities, particularly television viewing (44 -46) . In China, research has shown that shifts in the types of occupations, levels of activity at each occupation, and shifts in the mode of transportation (from active to more passive) are potentially very important (43, 47, 48) . Limited research on shifts in more common day-to-day activities linked with home production and other forms of movement has been conducted by Levine et al (49, 50) . This research suggests that major shifts in this area are linked with the use of more modern technologies in the workplace, in the shopping arena, and at home. The picture of overall shifts in activity, their causes, and their consequences are still incomplete. Typically, scholars examine changes in each element of physical activity. We are yet to see studies of joint shifts in all activity components to enable us to begin to understand 1) what the past shifts have been, 2) what potentially future shifts are the most important, and 3) how to use this knowledge to guide policies on increasing activity in a more coherent manner.
WHAT ARE THE MAJOR UNDERLYING GLOBAL FORCES? Globalization
Globalization, with its focus on freer movement of capital, technology, goods, and services, has had profound effects on lifestyles that are linked with diet, activity, and subsequent imbalances that have led to the obesity epidemic. Although many researchers have placed the global food production, marketing, and distribution sectors (including soft drink, fast food, and other multinational food companies) at the center of blame for these changes, there are other profound and equally responsible factors that must be understood to enact effective public policy to address them (51) . These other factors include 1) worldwide shifts in the trade of technology innovations that affect energy expenditures during leisure, transportation, and work; 2) globalization of modern food processing, marketing, and distribution techniques (most frequently linked with westernization of the world's diet); 3) vast expansion of the global mass media; and 4) other changes that constitute the rubric of the effects resulting from an increased opening of our world economy (52, 53) .
One of the central shifts has occurred in the global food system, which is related to the marketing and sales of food. The fresh (wet or open public) market is disappearing as the major source of supply for food in the developing world. These markets are being replaced in some countries by multinational, regional, and local large supermarkets-supermarkets that are usually part of larger chains (eg, Carrefour or Walmart)-or by local domestic chains patterned to function and look like these global chains in other countries, such as South African and China. Increasingly, we are finding hypermarkets (very large megastores) as the major force driving shifts in food expenditures in a country or region. For example, in Latin America, the supermarkets' share of all retail food sales increased from 15% in 1990 to 60% by 2000 (32) . For comparison, 80% of retail food sales in the United States in 2000 occurred in supermarkets. In one decade, the role of supermarkets in Latin America has expanded by an amount equivalent to that which occurred over about a half century in the United States (54) . Supermarket use has spread across both large and small countries, from capital cities to rural villages, and from upper-and middle-class families to the working class (55) . This same process is also occurring at varying rates and different stages in Asia, Eastern Europe, and Africa.
Many factors are responsible for this food system phenomenon (56) . Consumer demand for processed and safer foods is on the rise in developing countries. Additionally, as countries modernize, the opportunity cost of women's time has grown; building a market for time-saving, prepared foods has become more important. Transportation and access to technology (eg, refrigerators) has also played a role in the demand for, and access to, supermarkets. Other factors include the liberalization of direct foreign investment, trade liberalization, and the saturation of Western markets that has pushed growing companies into other locales. Furthermore, improvements in the logistics and procurement systems used by the supermarkets have allowed them to compete, on cost, with the more typical outlets in developing countries, ie, the small "mom-and-pop" stores and wet markets (fresh or open public markets) for fruit, vegetables, and all other products.
Supermarkets are large providers of processed higher-fat, added-sugar, and salt-laden foods in developing countries, but they have also been the purveyors of some good. For example, supermarkets were 1) instrumental in the development of ultraheat treatment, high-temperature pasteurized milk, which gives milk a long shelf life and provides a safe source of milk for all income groups, and 2) were key players in establishing food safety standards (57) . Most importantly, supermarkets have solved the problem of keeping animal-source products chilled and in many instances have brought higher-quality produce to the urban consumer throughout the year.
Global agricultural policies
Global agricultural policies have a built-in long-term focus on creating cheaper grains and animal-source foods. The relation between these policies and the shift in livestock and other animalsource food intakes is documented by Delgado et al (26, 58) . One clear outcome has been a dramatic decline in the real price of beef and related products. The huge decline in the global cost of 100 kg beef to Ȃ20% of its initial costs over a 4-decade period is presented in Figure 6 .
Global mass media
Global mass media access has shifted in an equally impressive manner. Minimal research has been conducted on how the increased global access has affected dietary and physical activity behavior, but it is clear from the extent of global food advertising growth that it is important. For instance, television viewership in China has more than tripled over a decade; Ȃ95% of all households had working television sets during the 1990s. Moreover, television programming has shifted from political and educational offerings prepared by the national or provincial governments to modern Chinese, Asian, and Western programming. For example, in the 9 provinces and 227 communities monitored by the China Health and Nutrition Survey, no Hong Kong Phoenix cable or satellite television was available until 1993; in 2004, 10% of these communities were watching these Western programmed channels, and viewing is expected to accelerate greatly. At the same time, advertising content has shifted to more modern marketing. The effects of such changes in television programming are found throughout the developing world. The effect of such shifts in television access and programming are not understood.
Television and other media penetration has been complete for several decades in Europe, the United States, and other higherincome countries, which has made it difficult for studies to unravel the exact causal effects of television viewing on nutritionrelated behaviors (44) .
DO COCA-COLA AND MCDONALD'S HAVE ANY RESPONSIBILITY?
Some researchers believe that the fast food sector and soft drink industry in the United States have led to the decline in the quality of diets throughout the developing world (51, 59) . The growth of American food companies has certainly spread across the globe. Coca-Cola products are sold in 200 countries, and 50% of McDonald's sales are made outside the United States. Many other examples can be found to show that the numbers of McDonald's, Pizza Hut, and Kentucky Fried Chicken restaurants are growing rapidly across the globe. Most interesting is the number of local restaurants and chains that have attempted to copy these American fast food models-even to the point of serving the same dishes and being equally hygienic and efficient (60) .
Much research has been conducted on the effect of fast food restaurant patronization on current dietary patterns in the United States, but little research has been conducted in the rest of the world (19, 20, 61, 62) . One 4-country comparison of fast food intakes and other elements of modern food intake was undertaken for China, the Philippines, Russia, and the United States by using comparable 24-h recall data (63) . This study examined awayfrom-home food intake overall and fast food and soft drink intakes among children and adolescents. The results indicate very low levels of away-from-home food intake in Russia and China, but equally high intakes in the Philippines and the United States. Intake of fast foods and soft drinks in the Philippines was less than one-fifth that in the United States and was miniscule in China and Russia (63) .
THE ECONOMIC COSTS OF THIS TRANSITION ARE HUGE
In the United States and other higher-income countries, several analyses of the health costs and other effects of this shift toward higher obesity have been conducted. For instance, Wolfe and Colditz (64, 65) have undertaken several studies of this topic using a cost-accounting perspective. Finklestein et al (66 -68) followed a more behavioral approach and examined how obesity affects medical expenditures.
In developing countries, far less has been done to study this issue. In one set of studies on the economic costs in India and China, it was shown that these costs are rapidly increasing and represent a serious component of their GNP (37, 69) . In fact, it is possible that these economic effects of the shift toward the degenerative disease stage of the nutrition transition will overwhelm the health system of China and slow its economic growth (70) . 
DO WE HAVE ANY POSITIVE MODELS AT THE NATIONAL OR REGIONAL LEVEL?
Few countries or regions have made significant program and policy changes that have resulted in positive shifts in dietary patterns and in considerable decreases in nutrition-related NCDs. Finland is one example that pointedly shows how intersectoral collaboration with one responsible national agency as the focal point can be very effective (71) . In Finland, national price policy and food-labeling policies were combined with nutrition education programs and the enlistment of voluntary organizations to tackle this effort (72, 73) .
Brazil is the only country with limited evidence of a decrease in obesity in one region (74, 75) . This decrease in obesity preceded a series of major initiatives in Brazil to further the decrease in obesity among women with a high socioeconomic status and to possibly slow the decline in other populations (76 -78) . Brazil's initiative to improve dietary patterns began as a coordinated and systematic initiative that included many important legislative and regulatory policies and changes to the national school feeding program (76) . This effort appears to have slowed considerably under the new president.
South Korea has long promoted the consumption of a traditional diet-ie, one rich in vegetables and low in fat-in lieu of the type of dietary shifts found in other middle-income countries (39, 40) . For many decades the government has advised against modern Western cuisine and has provided intensive training to newly married women about the preparation of traditional dishes. The results of these efforts have been lower obesity levels and lower intakes of energy from fat than would be expected given the high income level of this country and much higher intakes of vegetables than observed in other Asian countries (39, 40) .
DISCUSSION
This commentary on the global shifts in the patterns of the nutrition transition addresses a broad range of socioeconomic and demographic shifts that have resulted in rapid changes in the diets and physical activity levels of most regions of the world. The available data seem to indicate that most of the changes have involved reductions in fiber and whole grain intakes, increases in refined carbohydrate intakes (particularly in sweeteners), and increases in intakes of animal and partially hydrogenated fats. The shifts in activity patterns appear to have been equally rapid but are more poorly documented.
Although nutritionists and other health professionals might view these diet changes-specifically the shifts toward higher intakes of animal and partially hydrogenated fats and lower intakes of fiber-to be negative, there has also been a shift toward a more diverse and pleasurable diet. The activity patterns also represent a shift away from onerous, difficult, labor-intensive activities. Thus, although these shifts in diet and physical activities are desirable in many ways, they are associated with many onerous nutritional and health effects. It is this paradox and complexity that make it difficult to arrest the negative aspects of the nutrition transition. Since the development of the wheel and fire, humankind has attempted to reduce the effort involved with activities both at home and away from the home. Our striving to increase the tastefulness of the diet has been equally important. Fat and sugar are 2 of the more pleasurable elements of the diet in terms of taste preferences.
Obesity results from the interaction of genetic susceptibility factors and modifiable environmental factors, with genetic variations influencing a person's susceptibility to environmental factors. We still have a remarkably weak global database for truly understanding these changes. Few countries put energy into monitoring or studying these dynamics at the national or regional level. Extensive documentation on micronutrient deficiencies and protein-energy malnutrition is available; however, remarkably little data exists about large-scale dietary and physical activity patterns, despite evidence that there are more overweight or obese than underweight or malnourished persons in the world; this disparity is growing rapidly.
Our challenge is to devise ways to improve the lives of our citizens, ie, to 1) provide more varied and tasteful diets; 2) provide less burdensome work; 3) prevent obesity, type 2 diabetes, and other aspects of the metabolic syndrome; and 4) prevent a vast array of cancers linked with unhealthful dietary and activity patterns. However, the data indicate that few countries have tackled these issues at the national level. Milio (72, 73 ) studied these issues systematically and showed that little effort has been undertaken globally, nationally, or regionally to address them. Lower-income countries are only beginning to discuss and consider options for dealing with obesity. Concerns for poverty and hunger dominate the attention of the public and politicians, and it is difficult to get foundations and governments to focus on NCDs. We must also realize that these problems coexist in many countries and our solutions must not adversely affect the undernourished (79 -81) . At the same time, we must begin to develop an array of large-scale options that national governments can implement to address these issues (82) . As with any other epidemic, we must focus much of our energy on environmental solutions.
